INTRODUCTION
Vitamin D is essential for normal intestinal absorption of calcium, and a number of studies have contributed to an understanding of the cellular basis of its action (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) . The sterol vitamin is metabolized to one or more hydroxylated products (5) (6) (7) , which subsequently influence specific mechanisms of protein biosynthesis or turnover in the intestinal mucosal cell (8) (9) (10) , thereby maintaining an active cation pump for calcium (1) (2) (3) (4) . The specific mucosal proteins regulated by vitamin D are of considerable physiological significance as possibly representing parts of the pump mechanism itself. At least two kinds of mucosal proteins dependent on the vitamin have been described. A soluble, calcium-binding protein was first identified by Wasserman and Taylor (11) in homogenates of chicken mucosa, and a number of stud-plus water ad libitum. In vitamin D-depletion studies weanling male rats of the same strain, 45-50 g, were maintained on the U.S.P. Rachitogenic Diet No. 2 (Nutritional Biochemical Corporation, Cleveland, Ohio) for 4-5 wk and housed in cages shielded from light, as previously described (3) . Groups of deficient rats were repleted by subcutaneous injection of 10,000 IU of vitamin D3 (ViDe-3-Hydrosol, Wander, S. A., Berne, Switzerland) at least 4 h before death. All animals were starved 18 h in metabolism cages before removal of the intestine.
Whole-particulate and brush border preparations. Groups of 5-7 rats were killed by decapitation, and the appropriate intestinal segments were removed, slit lengthwise, rinsed in ice-cold 145 mM NaCl-4 mM KCl, and the mucosa scraped off with a glass slide. All subsequent operations were at 2-50C. Pooled mucosa was homogenized for 25 s in a VirTis homogenizer (VirTis Co., Inc., Gardiner, N. Y.) at an intermediate speed (dial setting 70) in 75 vol of 5 mM sodium EDTA of pH 7.4. The resulting suspension was filtered through silk (Joymar Scientific Inc., Hockville, N. Y.) to yield the crude homogenate. Portions of the homogenate were used to prepare the whole-particulate and brush border fractions. Whole-particulate was sedimented by centrifugation at 105,000g for 1 h in a Spinco model L2 ultracentrifuge (Beckman Instruments, Inc., Spinco Div. Palo Alto, Calif.). The pellet was washed once with 12 ml of the sodium EDTA, recentrifuged as described above, and suspended finally in 3 ml of 2.5 mM Tris-EDTA of pH 7.4. Suspensions of brush borders were prepared by the method of Forstner, Sabesin, and Isselbacher (17) . The cedure. Evidence favoring this hypothesis is presented below. Vitamin D and recovery of brush border proteins. During the preparation of brush border pellets (A\Ieth-ods) it became apparent that vitamin-deficient rats yielded consistently smaller pellets than did repleted animals, although the weights of duodenal mucosal starting material were similar. Table III summarizes the results of 12 experiments in which recoveries of brush borders were quantified by estimation of total protein. After vitamin D the mean values for recovery of brush border proteins were increased by 64% and 38%, respectively, at 4 h (P < 0.05) and 24 h (P < 0.01).
These results were confirmed by brush border counts determined in a Petroff-Hausser counting chamber.
Experiments were then designed to test the effects of the speed and duration of homogenization, i.e., the shear force applied to the mucosa, on the recovery of brush borders from depleted and treated rats, and the results of three experiments are summarized in Table IV . Three levels of shear force, the intermediate condition representing our usual procedure, were examined. With in- creasing force the recovery of brush border proteins decreased in both the deficient and treated groups, but relatively less force was effective in the deficient group. At the lowest level tested the recovery of brush border proteins was 62% greater for treated as compared to untreated rats. The difference was accentuated at the next higher level, i.e., 171 % greater for treated as compared to untreated animals. As shown in Table IV , the preceding increase in shear force lowered the respective recoveries in the deficient and repleted groups by 43% vs. 6%. At the highest force level tested the recovery in the repleted group was also decreased, approaching that for deficient rats. The foregoing effects are not unique to vitamin D deficiency and were observed in two experiments with normal rats starved for 48 h in metabolism cages (Table IV) . After starvation, the recoveries of brush borders decreased markedly with increasing shear force, whereas rats fed ad libitum showed no consistent reduction. It is noteworthy that the effects of vitamin D described above are independent of food intake, inasmuch as all the rats were starved from the time of repletion. itatively similar. In the absence of added Mg, release of Pi as a function of Ca concentration from 0.5-10 mM follows Michaelis-Menten kinetics, and values for Vr and Kin, determined from double reciprocal plots (22) , are listed in Table VI . Vitamin D increased Vr by 30% (P < 0.01); Km did not change significantly in this small series. Repetition of the studies in the presence of 0.5 mM Mg markedly altered the kinetics in both the vitamin-depleted and repleted preparations. P1 release was increased at low concentrations (0.5-2.0 mM) and decreased at higher Ca concentrations (6-10 mM). Further, addition of Ca in excess of 6 mM was inhibitory. Addition of 0.5 mM Mg markedly decreased the Km for Ca (Table VI) values for depleted preparations were 2.7 mM and 0.7 mM (P < 0.01). Figs. 2 and 3 also illustrate that in the presence of 2 mM Mg release of total Pi was inhibited by 1-10 mM Ca in both deficient and repleted preparations. The results are interpreted in terms of an enzyme complex with several regulatory sites in the Discussion. ATPase and intestinal transport. Experiments were designed to evaluate the relationship of the vitamin D-dependent ATPase to Ca transport. Evidence to date has established only one organ in the rat, the small intestine, as capable of vitamin D-dependent Ca transport, and a number of organs were therefore screened to search for CaATPase dependent on vitamin D. Groups of seven vitamin-depleted and repleted rats were killed, and wholeparticulate suspensions (Methods) were prepared from various tissues and tested for Ca-and MgATPase. Although both ATPases were present in each preparation, no significant increment with vitamin D was observed in either CaATPase or CaATPase/MgATPase with each of the following (the number of experiments is indicated in parenthesis): kidney (n-7), liver (n-4), tibial metaphysis (n-7), cranial bone (n-2), skeletal muscle (n-2), spleen (n-2), testes (n-2), or brain (n-2).
Within the small intestine Ca transport is maximal in the duodenum just distal to the pylorus and decreases in more distal segments (2) (3) (4) . Accordingly, brush border ATPase and disaccharidase activities were assayed in three sequential segments, respectively, 0-6, 6-12, and 12-18 cm from the pylorus. Mucosa from five normal rats was pooled for each preparation, and Fig. 4 illustrates the results of six experiments. Values for brush border CaATPase, MgATPase, and ACaATPase/MgATPase were highest in the most proximal segment and decreased in the distal segments (respective P values were < 0.02, <0 .05, and <0.01). In contrast, brush border sucrase and maltase activities were greatest in the most distal segment tested (P < 0.01). The results were not influenced by disproportionate losses of microvillus enzymes in vitro, inasmuch as the values for relative purification [i.e., ratios of disaceharidase activity (brush border/ crude homogenate)] were similar for the proximal and most distal segments: 6.7 vs. 6.4 for sucrase, and 9.8 vs. 9.5 for maltase. Distribution of the brush border CaATPase in the upper small intestine thus conforms to that of the Ca transport mechanism (1-3) .
Additional (Fig. 4) (12, 13) carry more weight than the relatively few instances in which the correlation was not found (4, 15 
